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1 . I N T ROD U C T ION
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One of the most influential elements in the cost of
steel multi-story building frames is the moment resisting
beam-to-column connection. Should the engineer use a
bolted joint, a welded join~, or a combination of both?
Selection o~ connections is .often based upon the consider-
ation that some particular connection' assembly used is
more economical and better than any other fabrication.
In general, the cooperation of both the consulting engi-
neer and the fabricators is essential in order to attain
the most efficient and economical design for beam-to-
column connections.
The various types of connections which have been
used extensively in steel building frames and are of.
particular interest to designe'rs are summarized in Ref. 1.
It is an interim report prepared to indicate the basic
problems pertaining to connection study and to suggest
some possible areas of needed research work. Ref. 2
contains detailed evaluation of different types of
connections from the viewpoint of a practicing engineer.
Previous investigatio~s on moment resisting beam-
to-column connections conducted at Cambridge University,
Cornell University, and Lehigh University are summarized
and discussed in Ref. 3. The types of connections
studied are: fully welded connection, welded top plate
and angle seat connection, bolted top plate and angle
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seat connection, end plate connection, and T-stub
connection. In addition, the behavior of welded corner
connection, bolted lap splices in beims, and end plate
type beam splices was discussed', The· 'connecti!lg media
for these specimens were welding, riveting, and bolting.
Only A325 high-'stre~gth bolts were used. The most im-
portant result of these tests is that for all properly
des~gned and detailed welded and bolted moment connec-
tions the plastic mom~nt of the adjoining member was
reached, and the connections were ~ble to develop large
plastic rotation capacity. There were no premature
failures except those, which could have been predicted and
prevented(3) .
Curren~IYJ a research program on beam-to-column
connections ~s under way at Le~~gh University under the
guidance of the Weldi~g Research Council. One of the
objectives of the invest~gation is to study those types
of beam-to-column connections which have been suggested
to b~ of h~gher priority and require immediate attention.
In this proposal three types of beam-to-column
connections a~e considered: flange-welded ~eb-bolt~d
connection (Problem 1.6 of Ref. 1), flange-welded connec-
tion (P~oblem ~.7) and bolted top and"bottom' moment plate
connection (Problem 1.9B), One of the topics included in
this, study is tIle weld requirements for horizontal stif-
feners (Problem 1.SB). This is to determine whether or
not fillet .. welds can be used in lieu of groove welds.
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2.1 OBJECTIVE OF RESEARCH
The objective of this study is to invest~gate the
performance of those suggested beam-to-column connec-
tions that are under ,symmetrical loading condition ..
Primary att~ntion is focused up,on the moment capacity and
deformation capacity of these connections.
Fig. 1 shows the behavior of a beam-to-column
connection under symmetrical loads. If a connection is
properly proportioned and th~ weld and bolts are properly
designed, ft will be"able to carry the plastic moment of
the beam and allow the beam to rotate inelastically
thro~gh a very large angle as indicated by Curve A.
Curves B, C~ and D &h6w that the performance of connection is
unsatisfactory, obviously, bec"ause some q.etail has been
underdesigned.
~n this study, the connec~ions are proportioned to
.,
meet the plastic design requirements. The results should
provide the basis for further modifications in design
procedures of safe, efficient, and economical beam-to-
column connections.
2.2. 'THEORETICAL ANALYSIS,
Usually the behavior of a beam-to-column connection
can be judged by its moment-rotation relationship. Fig. 2
'shows the intermediate steps which facilitate the
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explanation of the method of analysis, The axial load
in the column, Fig. 2(a), will" introduce a bending moment
diagram as depicted in Fig. 2(b). Research on the be-
havior of beams under moment gradient indicates that, due
to the presence 0-£ shear force vlhich accelerates· the
strain-hardening in the yielded parts of the beam, the
beam moment will increase beyond the plastic moment value.
Utilizing the stre~s-strain curve from Fig. 2(c), the
curvature along the beam can be obtained by the theory of
stre~gth of materials taki~g into consideration the prop-
erty of member cross-section. The curvature diagram is
shown in Fig. 2(d). Finally, the moment-rotation curve
can be readily obtained by performing int~gration of the
curvature di~gram.
Two prediction curves are" shown in F.ig. 2 (e) . Curve
A is predicted by usi~g simplified plastic theory and
Curve B, by consideri~g strain-hardeni~g effect. In plas-
tic analysis it is a~sumed th~t the connectiun is able
t9 sustain large amount of rotation near maximum load.
It is the primary goal of this test program to examine
the design rules of connection details which will assure
the adequate performance of beam-to-column connections.
2.3 DESIGN OF SPECIMENS
The specimens are designed according to Section
2.8, entitled, "Connections," of AISC Specification(4).
The connections are proportioned to resist the moment
333.12
and shear generated by the full factored load.
-5
Since the
loading condition resembles gravity type loading (dead
load plus live load), the load factor used is 1.7. The
stresses used in proportioning welds, shear plates, and
top and bottom plates are then equal to 1.7 times those
given in Section 1.5 of the AISC Specification(4). For
A325 and A490 high-strength bolts in bearing-type connec-
tions the design shear stresses used are· equal to 1.7
times 30 ksi and 40 ksi, respectively, instead of 22 ksi
and 32ksi suggested in current Specification.
cept for this procedure will be discussed later.
1. Member Site itid Be~m Span
The con-
The connection specimens are chosen to have an
appropriate combination of beam section and a column
section which represents the r~al int~rior beam-to-column
connections in a multi-story frame. Two cases are
considered: one at upper level and ·one at lower level
of a roul ti-story frame. Anot.her factor cons·idered in
design is the way a wide-flange shape resists bending
moment and shear force. It is well known that the flanges
resist a large portion of bending moment, and the web
carries almost entirely the shear force. The ratio of
flange area to web area, then, indicates the" degree of
interaction between ·moment and shear resisting ability.
With regard to the effect of shear force on the
full plastic moment of a wide-flange section, it has been
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suggested that no modification of the plastic moment Mp
is required if the magnitude of shear force at the maxi-
mum load does not exceed the shear value producing full
yielding of web(S).
can be written as
This limitation of shear force V
P .
.0
V = -L w d
P 73 \v (1)
where 0 y ' w, and d w are yield-stress level, web thickness,
and web depth of wide-flange shape J respectively.
The specimens are proportioned such that the section
at beam-column juncture can resist M and V .
P P
Beam span~
then, is simply the ratio of these two values. A W14 x 74
beam connected to a WIG x 60 column and a W27 x 94 beam
connected to a W14 x 314 column are used in this test
program. The ratios of one fla~ge area to web area Af/Aw
for W14 x 74 and W27 x 94 sections are 1.39 and O.60 J
respectively. The behavior of these two sections- sho'uld
be representative of all wide-flange sections.
The material of the specimens is ASTM A572 Grade 55
steel.
2. Fasteners and Holes
ASTM A325 and A490 bolts are used to assemble the
joint. In beari~g-type connections, the allowable shear
stresses used in design for A325 and A490 bolts are 30 ksi
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and 40 ksi, respectively. These values reflect the
logical design criterion which' would result if an adequate
factor of safety was applied against the shear strength
of the fasteners. This design criterion is based upon
the results of study of A7 and A440 steel lap and butt
joints fastened with A325 bolts, and A440 steel joints
connected with A490 bolts(6). Tests have been subsequently
carried out to substantiate the suggested design criterion,
especially the use of A490 bolts in A440 and A514 steel
.. (7 , 8)J01nts .
Since. both the oversize holes and slotted holes are
desirable to facilitate erection adjustments, experimen-
tal justification is required for beam-to-column connec-
tions assembled with high-strength bolts with enlarged or
slotted holes. Previous research has ·indicated that over-
size holes, size according to bolt diameter, do not\
adversely affect the slip behavior of friction-type joints
or cause undesirable bolt-tension losses(9) .. It was also
observed that slotted holes did not affect the strength
of bearing-type joints. However, slots did decrease the
slip resistance of friction-type joints by 22 to 33 per
cent.
Provisions based upon these findings are now
included in the Specifications .for Struc·tural Joints
Using ASTM A325 or A490 Bolts as approved by the Research
Council on Riveted and Bolted Structural Joints of the
333.12
Engineeri~g Founda~ion (endorsed by American Institute
of Steel Construction and Industrial Fasteriers Insti-
tute) (lQ) .
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In the test program proposed herein, 5/16 in.
oversize holes are tised in top and ,bottom plates fastened
with 1 1/4 i~'n. ~diameter A490-F bolts (Test C9 sho\vn in
Fig. 11). Slotted holes are used in two types of shear
connections (bolts subjected to shear): top and bottom
plates bolted with A490-F bolts (C8 shown in Fig. 10),
and one - sided she ar pIa t·es fas t en ed wi th e i th er A3 25 - X
bolts (C8 and C9) or A490-X bolts (C3 shown in F.ig. 5).
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The proposed test program, designated as C-series,
is summarized in Table 1. This series of nine tests
is designed to investigate those problems suggested in
-9
Phases 10 and 11 of the research project. Detailed
discussion of the test program is given as follows.
3.1 DESCRIPTION -OF SPECIMENS
Fig. 3 shows the joint detail of Test Cl. Beam
fla~ges are directly welded to the column flanges"pro-
viding for plastic moment capacity. A one-sided shear
plate bolted with three I in. diameter A490-X bolts is
used to resist vertical shear~ Horizontal stiffeners
are designed according to Section 1.15.5 of the AISC
Specification(4). Since the connection panel zone is
under symmetrical lo~ds, a clearance of 1/2 in. is pro-
vided between horizontal stiffeners and column web.
The size of fillet welds for horizontal stiffeners is
determined by computing the force taken by stiffeneri
when pl~stic moment is attained at beam-column juncture.
TestC2 i~ shown in Fig. 4. Its connection ~ype
is similar to Test 'Cl, the only difference being that
horizontal stiffeners are-not required. The one-sided
shear plate of Test C3, shown in. Fig. 5, has slotted
holes. The dimensions of these slots conform to the
_.. S -f· · (10)prov1s1on In current peel 1catl0n .
333.12 -10
Fig. 6 shows the joint detail of Test C4. Moment
capacity is provided through direct butt weldi~g of the
beam flanges to the column flanges. Vertical shear is
resisted by a two-plate welded stiffener seat. The
strength of this connection should be greater than that
of Test CS, shown in Fig. 7.
In the case of Test C5, both the moment and shear
are resisted by the butt welds. An equilibrium analysis has
been made to estimate the moment and shear value. Re-
suIts show that about 75 per cent of M and 74 per centp
of Vp can ~e supplied by this connection. Further
analytical study will be made to evaluate the performance
of this type of connection.
F~g. 8 shows bolted top and bottom moment plate
connection, Test C6. The plastic moment is carried by
flange plates which are fastened with 1 in. diameter
A490-X bolts. The design procedure follows the example
given on page. 4-92 of the AISC Manual of Steel Construc-
tion(4). The bracket stiffeners are designed with the
aid of Table VIII of the AISC Manual (4) . Design alterna-
tives for stiffener detail can be found in Refs. 11 and
12.
Test C7 is shown in Fig. 9. The vertical shear ·is
supplied by a one-sided shear plate connected to the beam.
web by three 1 in. diameter A490-X bolts. Test C6 and
C7 are designed for the same amount of moment and shear,
/333.12
and, therefore, their behavior should be comparable.
Test C8 (see Fig. 10) and C9 (see Fig. 11) are
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designed as friction-type cbnnections having slotted and
oversize holes in top and bottom plates. The one-sided
shear plates have slotted holes and are designed as
bearing-type connections. The design for top and bottom
plates of Test C8 takes into account 30 per cent decrease
in slip resistance due to parallel slotted holes. The
use of 5/16 in. oversize holes in Test C9 is permitted
b h S _£6 .6 (10)Y t e peel lcat10n .
Provis-ions concerning the use of oversize and slotted
h 1· 6 t S "f" "(10) b d ho es III curren peel lcatlon are ase upon t e
results of tests conducted on lap joints(9). Test results
of C8 and C9 should provide justification for this pro-
vision when the location of the joint occurs where a
plastic hinge forms and is subjected to substantial in-
elastic deformation.
The 1 1/2 .in. and 1 1/4 in~ high-stre~gth bolts
used in-Test CB and C9 are impractical in the field.
They are used here because the use of smaller size
bolts will increase joint length. A long joint is not
feasible because an appropriate relationship ~ust be
maintained between joint length and beam span. In
laboratory tests, the maximum beam span allowed is the
laterally unsupported distance as permitted in AISC
Specification(4) .
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The bea~ span for Tests' C8 and C9 is 6 ft. 9 in.,
which is slightly less than the maximum permitted value,
The beam shear force, the ratio of M to L, is reducedp
to 47.8 per cent of V. Five 1 in. diameter A325-X boltsp
are used to connect the shear plate ,to the beam web.
3.2 'TEST 'SE-rUp
The proposed test setup is shown in Fig. 12. The
axial load in the column will be applied by a 5,000,000
pound-capacity hydraulic universal" testing machine, The
crosshead"of the testi~g machine is indicated. The beam
will be su~ported by two pedestals resti~g on the floor.
Rollers will be used to simulate simply supported end
conditions.' In th.e compression region of beam-col'umn
juncture, lateral bracing wi·II be used to provide stabil-
ity. A member resting against', the testi!lg nlachine cO,lumn
will support the lateral bracing as indicated in Fig. 12.
3.3 INSTRUMENTATION
,The specimen will be instrumented with electrical
resistance strain gages at locations on the beam j the
column; and the horizontal stiffeners, as indicated,in
Fig. 13. Those strain gages mounted at Section A-A'will
provide information for constructing the moment di.agram.
The resultant axial force will be computed by the strain
readings taken at ,Section B-B. The two strain gages
mounted on horiz6ntal stiffeners, shown in Section C-C,
are used to indicate the effectiveness of the stiffeners
333.12
in resisting the forces coming from beam fla~ges.
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The absolute rotations of beam ends and beam-column
juncture will be measured with level bars attached to
the member webs directly inside the flanges. The loca-
tions. of the level bars are shown in F~g. 13.
Finally, the over-all deflection of the connection
will be monitored by a dial gage placed directly under
the column.
333.12
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Steel frami~g costs can be substantially reduced if
proper attention is given to moment-resistant beam-to-
column connections. Realistic design rules for connections
should consider not only stre~gth and rigidity but also
economical fabrication and ease of erection. With the
advent of high-strength steels being used in tall steel
buildings, there is a need to evaluate the connection de-
sign procedures, taking into account the properties of
connecting media (welds and bolts) and the details of
connection_components (stiffeners and, plates).
In this report a series of nine tests is proposed
on full-size beam-to-column connections made of ASTM
A572 Grade 55 steel, fastened with A325 and A490 bolts.
The results of these tests wiil be utilized to formulate
des~gn procedures so that building construction costs
might be reduced substantially.
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The project is sponsored jointly by the American
Iron and Steel Institute and the Welding Research Council.
Research work is carried out under the technical advice
of the WRC Task Group, of which Mr. John A. Gilligan is
Chairman. .(See Appendix for Task Group Roster).
This proposal was prepared under the supervision of
Dr. Lynn S. ~eedle, Project Director. Other staff mem-
bers are Dr. Geo!ge C. Driscoll, Jr., Messrs. David J.
Fieldi~g, David E. Newlin, and John E. Regec.
The proposed test program has been reviewed by
Dr. John W. Fisher. The suggestions and ~comments of
Messrs. William E. Edwards and John H. A. Struik have
also been incorporated.
This manuscript was typed by Miss Phyllis Raudenbush.
The authors are thankful to all of these.
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